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Abstract 
Cupric oxide (CuO) nanowires were synthesized by thermal oxidation of resistively heated copper wires in ambient air conditions. 
Aspect ratios up to 1000 have been achieved with this easy growth method that requires only standard laboratory equipment. The 
as-synthesized nanowires were subsequently transferred to silicon substrates and contacted by a structured metallization layer. 
These devices were used for conductometric gas sensing as nanowire conductivity is strongly dependent on the surrounding gas 
atmosphere. The sensitivity of a single CuO nanowire towards water vapour and hydrogen sulfide (H2S) was investigated regarding 
a possible application in hydrogen fuel cells. 
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1. Introduction 
There is a strongly increasing demand for highly sensitive gas detecting devices in numerous applications ranging 
from personal safety devices to industrial process control. Metal oxide based gas sensors, which rely on changes of 
electrical conductance due to the interaction with the surrounding gas, have been thoroughly investigated in the past 
decades. A most powerful strategy to improve sensor performance is the implementation of single-crystalline 
nanowires as sensing elements, which have a high surface to volume ratio and thus a strong interaction between the 
surrounding gas and the material.  
Cupric oxide (CuO) is known as a narrow band-gap p-type semiconductor with numerous potential applications like 
gas sensors, high critical temperature superconductors, photovoltaics, field emitting devices and catalysts [1]. It was 
found that nanowires out of this material can be synthesized by a simple and cheap thermal oxidation process [2]. 
Furthermore, it was also shown that CuO nanowire synthesis is possible on resistively heated copper substrates that are 
thermally oxidized in ambient air conditions [3]. Here, the synthesis of high-aspect-ratio CuO nanowires using 
resistive heating combined with a temperature control is presented. Moreover, the as-synthesized nanowires were 
characterized and the gas sensing properties were investigated. 
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2. Experimental 
The experimental setup for the nanowire synthesis is schematically depicted in Fig. 1(a). A highly pure copper wire 
(6N, Alfa Aesar) with a diameter of 100μm was wrapped around a Pt-100 temperature sensor (Delta-R) and oxidized 
by resistive heating at ambient air conditions. A PID control implemented in LabView was used to ensure thermal 
oxidation at constant temperatures. The temperature was determined by measuring the resistance of the Pt-100 
temperature sensor (Agilent Technologies 34401A multimeter) and kept constant by modulating the DC input current 
of the current source (Thurbly Thandar Instruments PL330P). As the resistance of the wire changes due to the 
oxidation process, constant current operation would not be feasible for oxidation experiments at constant temperatures. 
The thermally oxidized wire surface was covered by CuO nanowires (Fig. 1(b)), which were characterized using a 
Zeiss Supra 40 scanning electron microscope (SEM) and a FEI Tecnai F20 transmission electron microscope (TEM). 
 
           (a)           (b) 
Fig. 1. (a) Experimental setup for CuO nanowire synthesis; (b) Nanowire growth after thermal oxidation at T =225 C (left) and T=500 C (right) for 
200 min at ambient air conditions 
 
For the fabrication of nanowire gas sensing devices, the samples were put in Isopropanol and ultrasonicated in order 
to obtain a nanowire suspension, which was spin-coated on oxidized silicon substrates. Afterwards, a 
photolithographic lift-off process was used to structure a thermally evaporated Ti/Au metallization layer. The design 
consisted of a regular array of contact pads and finger structures in order to contact single nanowires, which were 
characterized using a parameter analyzer (Agilent 4156C). The gas sensing devices were glued and bonded to a chip 
carrier together with two microheaters (Delta-R) and a Pt-100 temperature sensor (Delta-R) for operation at elevated 
temperatures. During the gas measurements, nanowire resistance was measured with a current source (Keithley 6221) 
and a multimeter (Agilent Technologies 34401A). 
 
3. Results and Discussion 
Synthesis experiments were carried out at temperatures between 225°C and 550°C for an oxidation time of 200min. 
Cross-sections revealed that two different oxide layers (Cu2O and CuO) are formed, which is consistent with literature 
findings [4]. For T=500°C very dense growth of nanowires with aspect ratios up to 1000 (typical diameter ~50-200nm, 
length up to 100μm) could be observed. At higher temperatures the areal density of nanowire growth decreased, while 
at low temperatures of T=225°C very small nanostructures with lengths of few hundred nanometers and typical 
diameters of ~8-20nm could be synthesized. Nanowires were also characterized using high resolution TEM (HRTEM) 
and convergent beam electron diffraction (CBED). The latter confirmed the monoclinic crystal structure of CuO and 
revealed the bi-crystalline structure of the as-synthesized nanowires (Fig. 2(a)). They showed twin characteristics in 
the middle, which has also been reported before [5]. The transition area was imaged using HRTEM, which is shown in 
Fig. 2(b).  
  
1479S. Steinhauer et al. / Procedia Engineering 25 (2011) 1477 – 1480
                   (a)       (b)                (c) 
Fig. 2. (a) CBED of a single CuO nanowire at different positions; (b) HRTEM characterization of transition area in the middle of the nanowire; (c) 
Single CuO nanowire between two metal contacts (inset: typical I-V characteristics) 
 
The transport properties of numerous single nanowire devices (Fig. 2(c)) were investigated showing in most cases 
linear I-V characteristics over a wide range, but a non-linearity around 0V. Due to the large difference in work 
function between Ti (4.3eV) and CuO (5.2eV) Schottky barriers can be assumed at the metal contacts [1]. However, 
the gas sensing properties of these devices were further investigated as Schottky barriers have been reported to 
enhance the sensitivity of nanowire gas sensors [6]. 
  
                     (a)                        (b) 
Fig. 3. (a) Nanowire resistance in the presence of humidity pulses; (b) Nanowire resistance in the presence of H2S pulses 
 
During the gas measurements, a single nanowire device was operated at a temperature of 100°C and exposed to a 
constant flow of synthetic air (1000sccm) as background gas. As can be seen in Fig. 3(a), the sensor resistance 
increased by nearly 50% after the introduction of water vapor into the measurement chamber. This result is consistent 
with the theoretical findings of Li et al. [7], who used first-principles calculations to explain the strong interaction 
between CuO and H2O. They suggest electron transfer into the semiconducting p-type material resulting in an increase 
of nanowire resistance. 
However, very different sensing characteristics could be observed when the sensor was exposed to small 
concentrations of H2S (Fig. 3(b)). During the gas pulses the sensor resistance decreased remarkably but did not recover 
afterwards. Chen et al. [8] explained these irreversible changes of the sensor surface by the formation of a metallic 
CuS layer. 
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4. Conclusion 
CuO nanowires were synthesized using resistive heating of copper wires, which showed advantages like quick 
heating/cooling times and low power consumption compared to conventional substrate heating in a furnace. 
Depending on the oxidation conditions, nanowire length ranged from few hundred nm to 100μm with diameters from 
8nm to 200nm showing the scalability of this method. As a huge temperature gradient between the resistively heated 
wire and the surrounding gas atmosphere is inherent to this method, further investigations using thermography would 
be beneficial to gain a better understanding of the surface temperature. 
High sensitivity of single CuO nanowire devices towards water vapor and H2S could be successfully demonstrated. 
These promising results were achieved at an operation temperature of 100°C, which is very low compared to other 
conductometric gas sensing devices. In the case of H2S, the sensor resistance dropped by 50% while being exposed to 
concentrations in the sub-ppm region, which shows the outstanding sensing performance. However, methods for 
sensor recovery have to be explored in order to ensure long-term stability. The sensitivity of the presented gas sensing 
devices towards other gases such as CO, SO2, H2 and CH4 is currently investigated. 
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